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Introduction

Many workers prefer to work less, and it is even better if working less creates more jobs for the others. The idea of "work sharing" that working hour reduction policies would generate more jobs has always been popular among policy markers, especially in the late 20th century in Europe. Even today, the reduction of working hours is one of the main agendas of workers and unions, and some societies and communities are experimenting "4-day work week" to test whether an alternative work arrangement with fewer working days is possible without resulting in any loss in production. These real-world policy questions are fundamentally rooted in the economic knowledge on the interaction of working hours, labor demand and productivity.

Much of the previous literature was devoted to uncover the impact of working hour reduction policies on the aggregate employment, given the goal of the policy as a potential tool to fight unemployment. On the contrary, the evaluation using establishment-level data with careful attention to identification is extremely scarce. As a consequence, little is empirically known about how employers absorb such negative shocks in labor hour input, including their margins of adjustments and how their responses vary. In this paper, I study the employment effect of the national working hour reform in Portugal in 1996-7 to examine the employment responses and adjustments at the establishment level. In this reform, standard hours were reduced from 44 to 40 hours. Since employers were not allowed to reduce monthly base remuneration for workers whose standard hours were reduced, this led to a significant increase in hourly labor cost. The fact that the reform kicked in across all sectors simultaneously and that there were no supplementary subsidies for job creation makes the reform an attractive case study for employment and productivity effects.

Using the difference-in-differences strategy comparing the evolution of employment across establishments with different treatment intensities, I find that the reduction in working hours led to a slower growth of employment, but to a modest degree with the estimated elasticity of 0.25. Interestingly, I do not find a significant negative impact on sales, leading to a large gain in efficiency of production, measured by sales-per-hour. I also show that there is substantial heterogeneity in terms of responses to the reform. Most notably, the establishments in capital intensive sectors responded by reducing employment more, without any negative effects on sales. Conversely, the negative employment effects are much smaller and insignificant for the establishments in labor intensive sectors, however they experienced a decline in sales. These are indirect but consistent evidence for the standard labor demand models that predict the negative employment effect of the working hour reduction through the scale effects and capital substitution effects, for which no previous work provided empirical support.

In addition, I find an increased share of high skilled workers after the reform in the treated establishments, consistent with the improvement in labor efficiency. This also indicates the existence of alternative mechanisms available to employers that the standard labor demand models have not highlighted. This article relates to the long-standing literature on working-hour regulations and reforms on working hours and employment. The employment effects of working hour reduc-tion policies have been previously studied in different contexts. Much of the empirical work focuses on the total employment effect with the view to assessing the effectiveness of the policy as a job creation tool (for example, [START_REF] Chemin | Using Alsace-Moselle local laws to build a differencein-differences estimation strategy of the employment effects of the 35-hour workweek regulation in France[END_REF]; [START_REF] Hunt | Has work-sharing worked in Germany[END_REF]; Raposo and Van Ours (2010); [START_REF] Skuterud | Identifying the potential of work-sharing as a job-creation strategy[END_REF], usually examined at the sector or regional level. Contrary to the expectations of the public and policy makers, they generally do not find a clear increase in employment or new job creation. 1 Some instead study at worker level, providing mixed evidence on the probability of job separation and destruction for the workers whose hours were reduced [START_REF] Crépon | Employed 40 Hours or Not Employed 39 : Lessons from the 1982 Mandatory Reduction of the Workweek[END_REF]Raposo & van Ours, 2010). Study on labor demand is also carried out using working hours themselves as an outcome to examine the labor hour demand elasticity (e.g., Hamermesh and Trejo (2000)).

While this paper builds upon these previous important contributions, it departs from the literature in several ways. First, I exploit a rich administrative employee-employer matched dataset to study establishment-level employment responses, in contrast to much of the previous work which focuses on aggregate employment trajectory, often relying on the survey data. This enables us to precisely track how the policy has affected key outcomes (e.g. working hours, employment, and sales) and to exploit finer variations in the treatment intensity at the establishment level for identification. 2 Examination at the establishment level is crucial because the economic theories and policy questions assume the labor demand adjustment at the firm level. This paper therefore studies such "direct" mechanism of employment effects in this paper. Moreover, I explore heterogeneity of employment effects across establishment characteristics to reveal differential responses to cope with the reduction in labor hour input, which has been given little attention. 3 Leveraging rich information on workers and establishments in the dataset, I also explore the effect on some outcomes that may help explain the mechanisms behind employment effects and other adjustments that are available to employers. Lastly, I examine the causal effects of the reform carefully, by providing graphical evidence and a number of robustness checks.

The rest of the paper is organized as follows. Section 2 explains the institutional context of the Portuguese reform and the data used. Section 3 lays out my identification strategy and provides some visual evidence on how the policy affected hours and wages. I show my main results in Section 4. Section 5 shows further results on heterogeneity. Section 6 concludes. [START_REF] Crépon | Employed 40 Hours or Not Employed 39 : Lessons from the 1982 Mandatory Reduction of the Workweek[END_REF] finds job creation in the French reform in 1998-2000, but it is principally in the first phase (Aubry I) where financial incentives were provided for hours reduction and job creation. Raposo and van Ours (2010) also studies the Portuguese reform with the same data, but the scope of the paper is rather on the job separation probability between treated vs non-treated. A notable exception is [START_REF] Kawaguchi | Assessing the effects of reducing standard hours: Regression discontinuity evidence from Japan[END_REF] which uses regression discontinuity design to study the employment effect of the work-hour reduction in the context of Japan. On the other hand, the paper relies on a relatively small sample and studies heterogeneity only along the initial working hours.

Institutional Setting and Data

The Portuguese Working Hour Reform in 1996-1997

In July 1996, the Portuguese government passed a law that reduced the maximum standard workweek from 44 hours to 40 hours. This policy was implemented at once and at the national level and explicitly prohibits any reduction in monthly wages. 4 Reducing unemployment was not the purpose of the reform, and instead it was to catch up with the European standard in terms of working hours [START_REF] Varejao | Work-sharing Revisited -Lessons from a Natural Experiment[END_REF]. For this reason, it was not accompanied by subsidies for job creation or any other instrument to compensate employers for the hours reduction, un- The maximum number of weekly working hours is set by the government, but it can be further reduced through collective bargaining between unions and associations of employers (if it is not detrimental for the worker relative to the standard set by the government). Before the reform, approximately 60% of the workers had a standard workweek of more than 40 hours and these workers were employed by approximately 2/3 of all establishments. One year after the reform, less than 1% of the workers reported a regular weekly working time of more than 40 hours per week.

It is worth noting that the reform did not change other aspects of working time, in particular overtime, which was kept at a maximum of 2 hours per day and 200 hours per year. The overtime premium was not changed either: 50% for the first hour above the standard workweek, and 75% from the second hour. On the other hand, the reform modified the calculation of overtime hours so that they are computed based on 4-month average rather than weekly.

However, as shown later, the use of overtime was very rare even before the reform, reflecting the fact that the overtime premium is very high.

Data and Sample

Data. This paper uses Quadros do Pessoal (QP -"Lists of Personnel"), a yearly longitudinal administrative employer-employee dataset that covers the universe of Portuguese firms, establishments, and workers. All firms operating in the Portuguese territory with at least one wage-earner are required to fill the QP and send it electronically to the Portuguese Ministry of Employment by April of the following year. 5 The firms operating in public administration are exempt from filling QP. By and large, QP comprises 250 thousand firms and 2.5 million workers every year from 1992 to 2002.

QP collects detailed information at the firm, establishment, and worker levels. At the firm level, I have information on key firm characteristics, such as the activity sector (2-digit until 1994, 3-digit from 1995 for my dataset), region, sales, profits, total number of employees, capital structure, and ownership (share of national vs. share of foreign owners). 6 At the establishment level, I have detailed information about all the personnel working in the establishment during the reference month (October). In particular, for each employee, information is collected on key demographic and labor market characteristics, including gender, age, education, occupation, professional rank, type of contract (temporary vs. permanent), wage-setting instrument (collective bargaining vs. other), standard weekly hours of work, total hours worked in the reference month, and overtime hours of work. I also have information on employee's remunerations, namely monthly wages (normal working hours), overtime payment, and compensation for particular objectives (bonuses, commissions, etc.). Sample. For the main analyses, I use a balanced panel of 23,878 establishments that are observed in all sample years between 1993-2002 (except 2001) and have at least 5 employees in 1996. 8 All sectors are included. I exclude establishments that exhibit rapid job growth or contraction (defined by the top and bottom 2.5th percentile) either before or after the reform. This was done to cope with a large fluctuation of the number of employees as I have many small establishments. Lastly, establishments belonging to firms that recorded zero sales in 1996 are not included in the sample. my study period starts in 1993 because 1992 is the first year since the previous working hour reform, which may confound my analyses. 9 Ideally, I would like to avoid 2002 because it is January of this year when the use of EURO currency began in Portugal, which may have had a large economic impact, especially in tradable sectors. However, since I also performed an individual-level analysis to supplement my main empirical result from the establishment-level sample. In constructing a worker panel over the sample period, I From 2010 onwards, the QP was renamed RU (Relatório Único), but the information collected remained essentially the same. The forms filled by the employer's can be found here. However, I have not obtained profit and capital structure that are available in the linked accounting information for my sample years. I are working to get it. INE protocol reference PED-512101417. I also performed the analyses at firm level and obtained very similar results. The previous reform reduced standard hours from 48h to 44h in 1991. However, there were few workers affected by the reform because the vast majority of workers already had 44h contract when the reform took place, as confirmed in my data.

drop workers with an erroneous worker identifier or when base characteristics such as gender and age are missing. 10 In the case of multiple job holding, I keep her main job that pays the highest monthly remuneration. There is a mass of workers with a 40h contract after the full implementation of the reform, corresponding to approximately 80% of all workers in my sample. This confirms that the policy was well enforced. Roughly 20% of the workers had standard hours of the previous ceiling, that is, 44h. Note that almost a third of the workers were already in the 40h regime prior to the reform.

Descriptive Statistics

Actual working hours were also significantly altered. Figure (2) shows clear bunching of working hours in the 39-40h bin in the post-reform period, while it was more flatly distributed between 38h and 44h before. Given that overtime is expensive (50% premium for the first hour and 75% premium after the second hour), the figure is consistent with the optimization behavior of employers to adjust their labor hour demand at the threshold standard hour. On the other hand, the standard labor supply theory would rather predict a presence of a "dip" at 40h. This implies that the working hours cannot be easily adjusted as desired by the workers' side. In total, there are less than 10% of workers who worked longer than 40h in the 1998-2000 period.11 Appendix provides further evidence from the Labor Force Survey and EU KLEMS that the actual hours decrease in other data sources, not only in the administrative data.

By law, employers were not allowed to cut the remuneration for workers when the standard hours were reduced. Figure (3) plots the mean monthly base remuneration (excluding overtime remuneration) relative to 1996 among "treated workers" whose standard hours exceeded 40h in 1996. There is no disruption in the monthly base income growth for these workers, confirming that the maintenance of monthly income was respected. Base remunerations did not deviate from the trajectory in 1998 for those who performed overtime in 1998 either (but they are paid extra for their overtime work, although not reflected in this figure). This also confirms that the employers did not reduce base remuneration (by reducing wage rate) as a means to avoid the total payments while letting workers work overtime to keep same working hours, as predicted in [START_REF] Trejo | The Effects of Overtime Pay Regulation on Worker Compensation[END_REF].

Overall, these figures confirm that the reform was well enforced: employers were obliged to reduce standard hours, leading to a reduction in actual working hours, whereas the monthly remunerations to workers were not cut back. The figure shows the distribution of actual hours worked per week for all workers recorded in the data, separately for 1994-1996 (pre-reform period) and 1998-2000 (post-reform period). The distribution is capped at 30h and 50h. Weekly hours are imputed from total hours worked in a reference month (October) recorded in the data, correcting for number of business days in the reference month in each year, using the method described in Appendix A.1. The figure shows a bunching of working hours in the bin of 39h-40h after the reform.

Empirical Strategy and Policy Impact

Empirical Strategy

Source of variation. To estimate the employment effects of the working hour reduction policy, I compare the evolution of the outcomes across establishments that differ in the intensity of treatment. Specifically, I measure the treatment intensity by the hour share of treatment defined Note: The figure plots the average value of monthly base income (relative to 1996) for workers whose standard hours were above 40h in 1996, i.e., the treated workers. This excludes remunerations paid for overtime hours. The figure confirms that employers did not reduce the base monthly payment to workers, as it was prohibited. This is the case regardless of whether a worker performs overtime or not, as the monthly pay does not decline in 1998 for those who performed overtime in 1998, contrary to the prediction from [START_REF] Trejo | The Effects of Overtime Pay Regulation on Worker Compensation[END_REF].

by the following expression:

HourShareT reat j = i max{Hour ij,1996 -40, 0} i Hour ij,1996 (1) 
where Hour ij,1996 denotes the standard hours of a worker i working at an establishment j.

This measure captures the share of total hour input (standard hours) that was subject to reduction following the reform. For example, for an establishment with 10 workers composed of 5 employees with 40h regime and 5 employees with 44h regime in 1996, the treatment intensity is 0.048 (=20h/420h). The concept follows closely the idea of measuring "bite" of the policy used in the minimum wage literature, which often uses the wage bill share of workers earning below the new minimum wage. In robustness checks, I also use alternative definitions of treatment intensity, such as share of treated workers or wage bill share of treated hours, and show that my findings are not sensitive to the measurement of treatment intensity.

Importantly, Weuse standard hours in 1996 in computing the treatment intensity, instead of the actual hours worked. It is natural to use standard hours as they were the legal target of the reform. More importantly, while the actual hours worked are seemingly suited to gauge an actual bite of the reform, it is sensitive to the business cycle and temporary demand shocks (either at macro-level or establishment-specific). There are establishments where actual working hours temporarily increased (decreased) just before the policy due to short-term demand fluctuations and I will erroneously measure their treatment intensity when using actual hours. To the extent that it is correlated with the employment adjustment in the post-reform, my estimation of the employment effect will be biased. 12 In contrast, standard hours capture a more stable and permanent component of the establishments' production process and performance. For a very small subset of workers, standard hours are recorded as zero in the data, either by error or due to their work arrangement. Weuse the actual hours worked only for these workers. 1. Note that some establishment exhibits the intensity higher than the theoretical maximum (that is, 0.91=4h/44h) because actual hours were used for some workers when contractual hours were not available.

Wesplit these establishments into 3 groups as in Figure ( 5) when making aggregate comparisons graphically: non-treated group (mean treatment intensity 0), less treated group (mean 0.045), and more treated group (mean 0.088). Non-treated group constitutes of establishments where no workers were treated. Less treatment group constitutes establishments whose treatment intensity was below the median among establishments with at least one worker treated.

The rest is classified as the more treated group. However, the continuous version of the treatment intensity is used throughout the regression estimation later.

Table (1) provides the mean values and standard deviation of some of the establishment characteristics separately for the 3 comparison groups. In general, more treated establishments are on average smaller and low-paying relative to non-treated and less treated establishments.

occurs when I use another year (e.g., 1995) as a reference pre-treatment period. If these establishments increase employment in the post-1996 period to cope with the demand, my biased estimation points to a large positive employment effect; the opposite will happen if these establishments significantly reduce employment following the end of temporary demand. 13 Some establishments having higher treatment intensity than the theoretical maximum of 0.09 (=4h/44h) is due to the mis-recording of standard hours above 44h in 1996 and to the use of actual working hours for a very small number of workers whose standard hours are recorded zero in 1996. The figure shows the mean overtime hours of workers belonging to each treatment group defined in Figure 5.

Policy Effects on Hours

The figure shows that overtime hour is not a large share of total hours (nearly 1% of total hours even for the non-treated establishment which used the longest mean overtime hours), nor it increased after the reform. The anomalous jumps in the figure are due to shocks to some establishments in specific sectors (real estate after 1999 and construction after 2000).

Removing of these sectors results in a stable trend from the previous years.

Main Results

Graphical Evidence of the Reform Impact

I first provide graphical evidence on the effects of the reform by comparing the evolution of key outcomes across establishments. The assumption of parallel trend across establishments is also visually examined.

Labor cost (base hourly wage). Figure ( 10) follows the evolution of mean base hourly wage (not total hourly wage including the overtime premium) relative to 1996 among three groups of establishments with different treatment intensity. Clearly, the reform created a significant jump in mean hourly wage rate for more treated establishments, because of the legal obligation to maintain monthly income while reducing standard work hours. In 1998 when the reform was fully put in place, the average mean wage (relative to 1996) of most treated establishments becomes nearly 10 point above the non-treated establishments. This is numerically consistent with the 0.088 reduction in total working hour input for the more treated establishments. Importantly, the gap is stable until 2002, implying that the employers did not adjust (or suppress) wages dynamically to fully shift incidence on incumbent workers over time, or impose lower wages on the newly hired workers. This is evidence against the prediction of the fixed job model proposed in [START_REF] Trejo | The Effects of Overtime Pay Regulation on Worker Compensation[END_REF], which predicts that contractual wage rates will fall so that total working hours and total monthly income remain completely unchanged. Note also that there is no concerning differential trends before the reform. Employers therefore faced both the reduction in working hours and the increase in unit labor cost. 15 15 A stagnation in wage for 1994-1995 is due to some establishments whose wage declined largely before 1996. Excluding them results in an increasing pre-trends that are similar across three groups. Sales. Figure ( 12) repeats the same comparison for sales. 16 Knowing that the working hours were reduced, it is natural to study if and how production was affected. While the literature theoretically recognizes the key role played by production size adjustment (i.e., scale effect) as a channel of employment effects, it falls short of empirical evidence. 17 Unfortunately, a direct measure of production is not available in my data. Instead, I use sales as a proxy measure for production. One caveat is that sales are also affected by price. 18 Since sales information is available only at firm level, all analyses on sales use the inverse of the number of establishments per firm as a weight. From Figure ( 12), in the post-reform period, sales (relative to 1996)

Since sales are volatile and their values relative to 1996 can be extremely large, I take a log difference of sales of each year and 1996 and add 1 to deal with these issues (instead of simply taking the ratio of sales relative to 1996). An exception is [START_REF] Crépon | RTT, productivité et emploi : nouvelles estimations sur données d'entreprises[END_REF] in the case of French working hour reform. Some recent evidence in the minimum wage literature highlights the shifting of labor cost increase to consumers through price (e.g. Harasztosi and Lindner, 2019, for example). The figure shows, for each three treatment group, the mean and confidence interval of employment relative to 1996. While the employment growth is relatively stable and comparable across the groups, but the employment of the more treated establishment declines when the reform started in 1997. Employment declines from 2000 due to the business cycle of that time in Portugal. The reason for no discernible decline in employment for less treated group is due to the fact that this group contains more establishments for which I find less negative effect in the heterogeneity analyses.

are lower, the more establishments are treated. Interpretation, however, requires caution as pre-trends are not necessarily similar across groups. I investigate more carefully the effect of sales in the regression framework including the differential trends across establishments (we find no statistically significant effect on sales). In the Appendix (A.3), I repeated the same analysis for 2 groups.

Differences-in-differences Estimation

Graphical evidence provides a first sketch of the effects of the reform. More treated employers faced higher labor cost and their employment growth were negatively affected, while the effect on sales is less clear. Here, I formally tests these results in a regression framework using a standard difference-in-differences with continuous treatment.

The baseline specification takes the following form:

Y jt = α + β • (HourShareT reat j × P ost t ) + γX jt + F E + jt , (2) 
where Y jt is the outcome (relative to 1996) of establishment j at year t, HourShareT reat j the hour share of treatment as defined in the Equation (1), P ost t the dummy that takes 1 for postintervention periods (i.e., 1997-2002) and 0 otherwise, X jt the time-varying establishment characteristics, FE's the fixed effects and jt the error term. For X jt , I include mean age, number of establishments per firm and foreign capital share. For the fixed effects, I include fixed effects in establishment, year, region, and industry.19 I later include establishment-specific linear trends to control for potential differences in trends of the outcomes. Note that my treatment variable To put the estimate into perspective, I use the fact that the wage bill share of treatment is actually similar to the hour share of treatment (so that the percentage increase in wage and hour are comparable). Thus, constant labor demand elasticity is estimated as roughly 0.25, if I posit that the higher wage rate caused the negative employment. This is relatively low but in the range of the own-wage elasticities estimated previously in the literature (mean -0.551 with 20 When all workers move from 44h to 40h, the hours' share of treatment is around 0.091. Thus, most treated establishments' employment growth is 1.7 (=0.091*0.19) point lower compared the non-treated. cording to these models, potential channels through which the negative effects may result can be summarized as follows:

(1) scale effect, i.e. cutting down the production size due to the increased labor cost, leading to the reduction in employment;

(2) substitution of labor with capital, because of higher labor cost;

(3) substitution of workers with hours (if overtime was already used, or when fixed cost of hiring is sufficiently high), due to the fact that the marginal cost of hours remains unchanged while hiring a new worker becomes more expensive. Note that scale effect channel is not supported in my results, as sales were little affected. Similarly, the third channel of substitutions of workers with more hours is not consistent with the fact that the actual hours worked declined. Hence, the only mechanisms in the previous theoretical models that is consistent with my results is substitution of labor service with capital (i.e., increase in capital input in production in the standard labor model of [START_REF] Cahuc | Work Sharing , Employment and Shiftwork Source[END_REF], or increases in shiftwork in [START_REF] Hunt | Has work-sharing worked in Germany[END_REF]). In both models, the marginal effect of the increased wage rate that I observe is rather to increase employment, in the case of fixed output (which is the case in my estimate of no significant impact on sales) because fixed cost of hiring becomes less important as wage increases. In the subsequent section, I study the heterogeneous effects across sectors with different capital intensities in their production input to examine if the negative employment is observed more strongly in sectors that use capital. To foresee the result, I do not find a clear systematic result.

Alternative mechanisms

First, the existing theoretical models are not explicit about the nature of the production function. If the production is strongly concave in labor hour input, due for example to fatigue, then the reduction in working hours naturally does not result in a proportional loss of production. [START_REF] Pencavel | The Productivity of Working Hours[END_REF] provides empirical support for decreasing marginal output with respect to working hours in the case of munition workers. To the extend that this result can be generalized to other tasks and occupations, my findings is consistent with a strong concavity of the production function. Second, labor market frictions can result in an non-optimal equilibrium of employment, such as the model by [START_REF] Acemoglu | Good Jobs versus Bad Jobs[END_REF], leading to too many low-productive jobs;

when the wage increases, these jobs will be destroyed and productivity increase, as consistent with my results. Third, personnel economics models predict a long equilibrium working hours as a result of promotion competition across workers (e.g. tournament theory). Managers may not be able to precisely assess the link between tasks and output and base the promotion decision of their workers on the observed effort measured by hours worked. Workers might signal their effort through hours, resulting in an excessively long equilibrium hours with little output gain. Working hour reduction policies cap such promotion competition at lower equilibrium hours, while production barely affected.

Moreover, employers might be able to gain efficacy by inducing more effort from the workers [START_REF] Askenazy | Shorter work time, hours flexibility, and labor intensification[END_REF][START_REF] Lazear | Making Do with Less: Working Harder during Recessions[END_REF]. Efficiency gains can also come from other mechanisms such as turnover and training [START_REF] Riley | Raising the standard: Minimum wages and firm productivity[END_REF]. 21 Another mechanism to improve labor efficiency is to change the composition of workers: employers keep or hire relatively high skilled workers. This is also the case when employers introduce or more extensively use production technologies that are more complementary to high-skilled workers. I study the reform's effect on the composition of the workforce in Table 4 in the same diff-in-diff framework. 22 Column (1) shows that the share of workers with at least high school degree (which are relatively high-skilled that time in Portugal, constituting only 1/4 of the workers in my sample) slightly increased, consistent with the idea that the treated establishments increased the skilled workforce to raise efficiency. Column (2) shows that the college share did not increase statistically significantly. This is primarily because the share of workers with college degree was very low (only a few percent in my sample) in the context of my study back in the late 1990s and early 2000s. Column (3) shows that the share of female workers increased in the establishments where working hours were more reduced, which is consistent both with supply and demand explanation. 23 These evidence suggests that the changed workforce composition is one potential mechanism of increased labor efficiency.

Not shown in this draft, but I estimated the effect on training participation comparing treated and non-treated workers in diff-in-diff setting using Labor Force Survey and do not find significant increase in training participation. Similarly, there is no statistically significant increase in night shift or shift work (to increase capital operation time per worker), predicted in the model of [START_REF] Hunt | Has work-sharing worked in Germany[END_REF]. Note however that the study using LFS is complicated by the change in sampling methodology of Portuguese LFS from 1998 onward.

The results are obtained from the sample what removes workers with duplicated worker identifiers and keeps her first job which pays the highest income. For this reason, the number of observation is smaller than the previous diff-in-diff; but my total employment is unchanged with this sample. This is consistent with the supply side explanation that women have stronger preferences for better working conditions (i.e. shorter work hours) and therefore their probability of joining or staying in the treated establishment increased. On the other hand, it is also consistent with the demand side story that employers attempt to reduce labor costs by increasing the portion of workers to whom they have more bargaining power (note, however, that the mean wage rate did not see a stagnation for treated establishments even after the reform). 

Heterogeneity results

Employment responses to the working hour reform might not be homogeneous. In light of the theory, it can depend on the nature of the production function (e.g., capital input share) and cost structure (e.g. fixed cost). More broadly, it is natural to posit that better firms, measured by wage level or size, have more capacity to absorb negative shocks (more financial strength to endure full incidence on employers or reorganize production). Similarly, the competitiveness of the domestic product market or exposure to international competitors limit the ability for firms to pass the incidence onto consumers. Such heterogeneous response has not been given much empirical investigation previously. I study the heterogeneous effects by interacting diffin-diff variable HourShareT reat j × post with the categorical dummies. 

Conclusion

In this paper, I investigated the impact of the working hour reform in Portugal that reduced the standard hours from 44h to 40h in 1996-7. Using the variation across establishments in terms of the intensity of treatment, I found that the establishments that were more treated experienced lower post-reform employment growth compared to less or non-treated counterparts. Such negative employment is relatively modest, hinting at the elasticity of roughly 0.25 with respect to own wages. On the other hand, I do not find a significant negative impact on sales, leading to a large gain in efficiency of production, measured by sales-per-hour. This masks substantial heterogeneity in the responses to the reform. The establishments in capital intensive sectors responded by reducing employment more, without any negative effects on sales. Conversely, the negative employment effects are much smaller and insignificant in labor intensive sectors, and the establishments in these sectors experienced a decline in sales. These are indirect but consistent evidence for the theories that predict negative employment effect of the working hour reduction through the scale effects and capital substitution effects, for which no previous work provided empirical support. In addition, I find an increased share of high skilled workers after the reform in the treated establishments, consistent with the improve in labor efficiency.

This also indicates the existence of alternative mechanisms for employers that the previous standard labor demand models have not highlighted.

Appendices

Appendix A Data, sample, hours and supplementary descriptives

A.1 Data and sample

QP records the total hours worked during the reference month (March until 1993 andOctober since 1994). This means that the recorded hours worked depend on the number of business days in each year's reference month. In the raw data, working hours indeed increases when the reference month has less weekends or no national holiday, and vice versa (the maximum difference is 3 days in terms of business days between years with least and most business days in the reference month). This is another reason why defining treatment status based on actual hours worked in 1996 can be dangerous. None of the previous work addressed this issue to the best of my knowledge. On the contrary, standard hours are not affected by this because the data records contractual weekly hours. For actual hours worked, I correct for this issue in the following steps before the process of sample construction: first, I calculate the mean number of weekdays and holidays of the reference month across years and calculate each year's deviation from the means. Second, I then regress the total hours worked of individual workers on these deviations in terms of number of weekdays and holidays, worker characteristics (age, gender, and education), and fixed effects in worker, firm, industry and region. Using the obtained coefficients, I adjust each worker's recorded hours so that they represent the total working hours in a month with the number of business days. Note that in the regression, I use all available years to us . Besides, I separately run for two periods, i.e. until 1996 and after 1998. I did not include 1997 as the working hour reform was not fully implemented. I ignored the change in standard hours in 1991 since in practice it did not seem to have had a large impact. I use this corrected actual hours whenever presented in this paper. I do the same for the recorded overtime hours, separately.

A.2 Hours from different data source

This section provides the evolution of working hours from different sources. Although the working hours in QP are "correct" by construction since it is administrative, it may not necessarily reflect the actual working hours. 24 In particular, there is a concern that the actual working hours did not drop, while it shows up as a decline in working hours both in contract and in declared actual hours in QP -indeed, this in fact can be perfectly consistent with my finding of an increase in labor efficiency if the decline in ours were simply "superficial".

Figure A1 shows the evolution of usual hours worked and actual hours worked per week in the Labor Force Survey. Since these hours are self-reported by workers themselves, rather than declared by employers, it allows us to check if hours worked indeed declined or not. The figure makes it clear that the working hours declined after the reform. I also provide the distribution of hours. Figure A2 shows the distribution of usual hours per week. While it is exactly the same as contractual hours, it looks fairly similar to the distribution of contractual hours in QP and there is an increase in mass of working hours between 39-40h in the post-reform periods. Figure A3 shows the distribution of actual working hours. While there are some discrepancies such as less hours between 41h-44h before the reform, the figure shows that many workers' actual working hours are moved to 40h in the post-reform period. Slight discrepancies may come from two things: first, QP records only the month of October, and second, I corrected actual working hours in QP to correct for number of business days in October for each year.

The decline in hours are reflected in the aggregate series, too, such as in National Account available at EUKLEMS, as shown in Figure A4. Per-worker annual hours in this data is imputed from total hours in the economy and total number of workers, therefore has a very different procedure of measuring hours, often providing a discrepancy with micro-level information. Furthermore, they cover more types of workers such as self-employees, the impact of the reform can be blurred compared to QP. However, in this data too, per-worker annual hours also has a clear discontinuity before and after the reform. The evidence from LFS and EUKLEMS are consistent with the fact that the hours actually declined. samples. Specifically, it is robust to: (1) extending sample years; (2) using unbalanced panel; (3) not excluding establishments with rapid job growth and contraction; (4) exclusion of construction sector (infrastructure demand from 1997) or financial sector (few treated establishments and affected largely by the Portugal's EURO adaption).

A.3 Supplementary descriptive statistics

  like the well studied French reforms around 2000. This makes the Portuguese reform an ideal setting to study how employers respond to working hour reductions without any directed incentives to increase employment. All jobs had to meet the new standard hours in a two-step implementation. First, by 1st of December 1996 there should be a reduction of 2 hours in workweeks above 42 hours; the workweeks above 40 hours but below 42 hours should be set at the new standard of 40 hours of work. Second, by 1st of December 1997, all jobs should have a workweek at the new standard of 40 hours per week.

I

  use information from 1993 to 2002. In 2001, the microdata relative to workers was not released, so I exclude this year from the analysis. The QP data are confidential data and of restricted access. It was made available by Statistics Portugal (INE -Instituto Nacional de Estatística) under a specific research protocol. 7

I

  lack the 2001 worker file, I extend until 2002 to have a sufficient sample in the post-reform period. None of my sample construction procedures affect my results (are not shown in this version of the draft).

Figure ( 1

 1 Figure (1) compares the distribution of weekly standard hours before and after the reform.

Figure 1 :

 1 Figure 1: Distribution of weekly standard hours

Figure 2 :

 2 Figure 2: Distribution of weekly actual hours worked

Figure 3 :

 3 Figure 3: Evolution of monthly income relative to 1996

Figure ( 4

 4 Figure (4) shows the distribution of the treatment intensity across establishments. Roughly one third of the establishments was not at all affected by the reform (i.e., none of their workers' standard hours exceeded 40h in 1996). On the other hand, nearly 20% of establishments had the hour share of treatment of around 0.091 corresponding to the situation where all workers had a 44h contract before the reform. On average, the hour share of treatment is 0.04, i.e. 4% of the total labor hour input had to be reduced.13 

Figure 4 :

 4 Figure 4: Distribution of hour share of treatment

Figure 5 :

 5 Figure 5: Distribution of hour share of treatment

Figure ( 6

 6 Figure (6) shows the evolution of the mean standard hours by treatment group. Mean standard hours of more treated workers sharply dropped from 41h to slightly below 38h between 1996 and 1998, while it was reduced from 39h to 37.5h for the less treated group. No corresponding reduction was observed for the non-treated group. Importantly, an almost identical picture emerges for the actual hours worked in Figure (7), where the actual hours worked are corrected for the number of business days in a reference month each year, as explained in the Appendix A.1. These confirm that the reform was well enforced and had an actual impact on the production process. Figure(8) shows that overtime use did not see a sharp increase after the reform for the treated group. Interestingly, overtime was more used by non-treated establishments, perhaps reflecting the lower standard hours and the volatility of weekly labor demand.Figure (9) shows that on average, overtime hour is a small component of total working hours (for the non-treated group, the average is 0.4h, meaning only 1% of standard hours), mostly likely because overtime is expensive for employers (50% premium for a first hour and 75% from a second hour). Employers did not use overtime to respond to the hour reform, as there is no marked increase in overtime hours.14 

Figure 6 :

 6 Figure 6: Evolution of standard hours by treatment groups

Figure 7 :

 7 Figure 7: Evolution of actual hours worked by treatment groups

Figure 8 :

 8 Figure 8: Evolution of use of overtime by treatment groups

Figure 10 :

 10 Figure 10: Evolution of mean labor cost (hourly wage) (1996 = 1)

Figure 11 :

 11 Figure 11: Evolution of employment (1996 = 1)

Figure 12 :

 12 Figure 12: Evolution of sales (1996 = 1)

Figure ( 13 )

 13 Figure (13) shows the results for employment. The negative employment effects are stronger for the establishments in sectors with higher capital intensities. The negative coefficient is small and statistically insignificant from zero for the establishments in low capital intensity sector. If I posit that the substitutability between labor and capital is higher in more capital intensive sector, this implies that the establishments may have reduced employment by using more capital in the production (either by increasing capital stock or operation time of capital) when the labor hour inputs were reduced and the cost of labor increased. (14) explores the heterogeneous effects on sales across capital intensities. The reduction in working hours seems to have negative effects on sales in establishments in the labor intensive (i.e. low capital intensity) sector, with the coefficient significant at 10% level. Establishments in middle-and high-capital intensity sectors did not experience such negative effect. These results on the heterogeneity effects demonstrate very different consequences of the working hour reduction across firms with different production structure. In more capital intensive sectors, firms may have increased capital use in production in order to compensate for the loss of working hours, substituting labor service with capital service given the highest cost of labor. This provides indirect but consistent evidence for the capital substitution mechanism in the theories that predict the reduction of employment as a result of the forced working hours reduction. Labor intensive sectors react differently. With the importance of labor in the production, the establishments have lower possibility of substituting labor with capital -in

Figure 15 :

 15 Figure 15: Heterogeneous treatment effect: firm size in 1996

Figure 16 :

 16 Figure 16: Heterogeneous treatment effect: firm quality (mean wage in 1996)

Figure A1 :

 A1 Figure A1: Evolution of in Labor Force Survey

Figure

  FigureA5shows the share of each treatment groups across sectors (1-digit) in my sample. Note that the continuous version of the treatment intensity is in the regression estimations and this 3-group partition is for the graphical purpose only.

Figure A2 :

 A2 Figure A2: Distribution of usual hours in Labor Force Survey

Figure A3 :

 A3 Figure A3: Distribution of actual hours in Labor Force Survey

Figure A4 :

 A4 Figure A4: Distribution of hours in EUKLEMS National Account

Figure A5 :

 A5 Figure A5: Sectoral distribution of treatment intensity

Figure A8 :

 A8 Figure A8: Evolution of Sales (1996 = 1) -2 groups

Figure B1 :

 B1 Figure B1: Coefficients from dynamic DID

  

  

  

  

  

Table 1 :

 1 Summary Statistics

		All	Non-treated Less treated More treated
	Basic Characteristics				
	Number of employees	24.8 (91.9)	24.6 (117.6)	30.3 (86.6)	18.0 (48.5)
	Mean wage	4.58 (3.1)	6.05 (3.7)	3.93 (2.4)	3.40 (1.6)
	Mean age	35.5 (6.7)	36.7 (6.6)	34.9 (6.6)	34.6 (6.6)
	Share of female	0.36 (0.3)	0.35 (0.3)	0.34 (0.3)	0.41 (0.3)
	Share of college grads	0.03 (0.1)	0.06 (0.1)	0.02 (0.1)	0.01 (0.0)
	Sectoral composition				
	Sector I	0.02	0.03	0.02	0.02
	Sector II	0.39	0.32	0.58	0.23
	Sector III	0.59	0.65	0.40	0.75
	Number of establishments 23,873	8,913	8,305	6,655

Note:

The table show the mean and standard deviation of some establishment characteristics in our sample. Sector classification is as follows: Sector I (Agriculture, livestock, hunting and forestry, Fishing, and Mining and quarrying); Sector II (Manufacturing industries, Electricity, gas and water supply, and Construction); Sector III (Wholesale, retail trade and repairing, Hotels and restaurants, Transport, storage and communications, Financial activities, Real estate, renting and business, Education, Health and social work, and Community, social and personal service).

Table 2 :

 2 Diff-in-diff estimates for employment

		(1)	(2)	(3)	(4)	(5)
		Parsimonious	Baseline	Firm trend	High-dim-FE (i)	High-dim-FE (ii)
	HourShareTreat × Post	-0.25 * * *	-0.19 * * *	-0.21 * * *	-0.14 * * *	-0.11 * *
		(0.069)	(0.061)	(0.057)	(0.049)	(0.057)
	Mean age		-0.0093 * * *	-0.0090 * * *	-0.0089 * * *	-0.0088 * * *
			(0.000)	(0.000)	(0.000)	(0.000)
	Number of establishments		-0.00017 * *	0.000088	0.00011 *	0.00011 *
			(0.000)	(0.000)	(0.000)	(0.000)

Table 3 :

 3 Diff-in-diff estimates for various outcomes (with firm trend) The table shows the effect of the working hour reduction on labor cost and productivity productivity, using the diff-in-diff specification in Equation2with firm-specific trend. All outcomes are relative to 1996. Column (1) studies the impact on mean base hourly wage, calculated excluding overtime pay. Column (2) shows the employment effect from the previous regression in Table2. Column (3) studies sales. Since sales information is available only at firm level, I weight the estimate by the inverse of number of establishment per firm. Column (4) and (5) investigate on sales per worker and sales per hour as measures of production efficiency. Standard errors in parentheses. * p <0.10, * * p <0.05, * * * p <0.01

		(1)	(2)	(3)	(4)	(5)
		Mean wage	Employment	Sales	Sales per worker Sales per hour
	HourShareTreat × Post	0.83 * * *	-0.21 * * *	0.033	0.21	0.83 * * *
		(0.129)	(0.057)	(0.108)	(0.131)	(0.157)
	Mean age	0.0079 * * *	-0.0090 * * *	-0.0015 * * *	0.0076 * * *	0.0060 * * *
		(0.000)	(0.000)	(0.000)	(0.000)	(0.001)
	Number of establishments	0.000043	0.000088	0.0017 *	0.0054 * *	0.0056 * *
		(0.000)	(0.000)	(0.001)	(0.002)	(0.002)
	Foreign share capital	-0.00049	-0.00014	0.00037	0.00020	0.000060
		(0.000)	(0.000)	(0.001)	(0.001)	(0.001)
	4 fixed effect	Yes	Yes	Yes	Yes	Yes
	Firm-trend	Yes	Yes	Yes	Yes	Yes
	Observations	214,901	214,901	214,901	214,901	214,901
	Cluster	Industry×year Industry×year Industry×year	Industry×year	Industry×year

Note:

Table 4 :

 4 Diff-in-diff estimates for worker compositions The table shows the effect of the working hour reduction on worker compositions, using the diff-in-diff specification in Equation 2 with firm-specific trend. Worker compositions are calculated with the sample that removes duplicates worker identifiers and keeps only one highest paying job per worker (i.e., remove multiple job holdings). Column (1) studies the impact on the share of high school workers or above. Column (2) shows the effect on college graduate share. * p <0.10, * * p <0.05, * * * p <0.01

		(1)	(2)
		Share(high school +) Share(college)
	HourShareTreat × Post	0.072 * * *	0.0027
		(0.026)	(0.013)
	4-way fixed effect	Yes	Yes
	Estab-trend	Yes	Yes
	Observations	150648	150648
	Cluster	Industry×year	Industry×year

Note:

More precisely, another law enacted long before the reform prevented employers from reducing monthly income when they reduce standard hours of their employees. This reform followed another one in 1991 that reduced the maximum number of weekly hours to 44 hours from 48 hours.

Sometimes workers are assigned a wrong individual identifier by error in the original data. I detect such cases by looking for the identifiers that have multiple workers of different gender or age in the same year. I remove those with such worker ID from the sample.

There is a concern of misreporting of working hours, or more specifically unpaid work, which does not to show up the administrative data. However, Labor Force Survey confirms that actual hours worked declined when the workers themselves report.

Confirming my concern, the actual working hours of more treated establishments jump from 1995 to 1996 when I use actual hours worked to define treatment intensity. This is because I overestimate treatment intensity for some establishments facing a short-term labor demand in 1996. This is purely mechanical because the same jump

Some noisily jumps toward the end of sample period is due to shocks to some establishments in specific sectors (in real estate after 1999 and construction after 2000).

Region and industry fixed effects are not perfectly linear with establishment fixed effects due to cross-region relocation of the establishments and change of industry in which an establishment operates.

Note, however, that QP was created for the authorities to check if the collective agreements were respected by employers in the first place, and it is monitored to ensure the accuracy of the information.

for each 1-digit sector. More treated establishments are more represented in low-wage service sectors, while it is least represented in high-wage service sectors. In Appendix B, I defined more treated establishments within each sector so that my findings are not driven by the differences in sector compositions.

José Varejão for their useful comments. I also thank participants

a standard deviation of 0.747 according to the meta-analysis by [START_REF] Lichter | The own-wage elasticity of labor demand: A meta-regression analysis[END_REF]). However, several factors can explain why it is relatively lower. First, firing is very costly in Portugal. Second, wages offered to (potential) new hires could be different from (or more explicitly, lower than) treated incumbents' wage rates. Third, negative employment was partially offset by the positive labor demand to maintain the same output.

Wage and productivity effects. The effects on other outcomes are summarized in Table (3),

where the estimation is based on the baseline specification with establishment specific trend.

The column (1) confirms the increase in mean wage rate. In the column (3), I estimate the effect on sales. The coefficient is not statistically significantly different from zero and actually positive (although very small). This indicates that the reduction in working hours did not lead to an immediate down-scaling of production and that the negative employment effects are not necessarily due to scale effect. Note again that the interpretation is complicated by a potential price adjustment. Consistently, per-worker sales and per-hour sales increased, as confirmed in the column (4) and ( 5).

Evidence from diff-in-diff hints the necessity of looking at the employers' adjustment process in more detail. On the one hand, employers responded by reducing employment.

However, on the other hand, they successfully avoided their revenue to go down, achieving much higher efficient use of labor hours (sales per hour).

Theoretical explanation

How do these results square with the theoretical predictions? The likes of theories inspired by the standard labor demand model, such as [START_REF] Cahuc | Work Sharing , Employment and Shiftwork Source[END_REF] and [START_REF] Hunt | Has work-sharing worked in Germany[END_REF], show that, under certain conditions, employers would respond by reducing number of workers. Ac-this case, employers rather attempt to keep the original employment, but the production goes down as a result of the working hour reduction. Firm quality and size. I further investigate heterogeneity alongside measures of firm quality in Figure ( 16). Firm quality is defined by mean wage quantile as of 1996, i.e. before the reform.

The estimates are generally negative across firm quality, but tend to be slightly smaller at the upper end of the firm quality distribution. "Better" establishments might be able to absorb negative shocks without passing the incidence on workers, or they avoid putting negative 

Appendix B Robustness checks

In the main analysis, I use the hour share of treatment as defined by equation 1 to study the employment effects. To show that the estimated results are not specific to the measurement of treatment intensity, Table B1 uses alternative measures. The specification corresponds to column (3) of Figure 2, which adds the establishment-specific linear time trend to the diff-indiff estimation specified in the equation 2. 

Note:

The table provides robustness checks of the employment effect found in Table 2, by using alternative measures of treatment intensity. All regressions controls for firm-specific trends. Column (1) repeats the finding in Table 2. Column (2) uses share of treated workers, i.e., share of workers whose contractual hours in 1996 were above 40. Column (3) uses wage bill share of treated hours which essentially weights the hour share treatment with each worker's base wage rate. Column (4) to (6) exploit within-sector variation in treatment intensity to make sure that the employment effect estimate is not driven by having more treated workers represented in some sectors. In column (4), the treatment variable takes 1 for the establishments whose hour share of treatment is above within-2-digit-sector median, and 0 if below this sector-specific median. Column (5) repeats the same but with 3-digit sector. Finally, Column (6) splits into 3 groups rather than 2 groups within 2-digit sector. Standard errors in parentheses. * p <0.10, * * p <0.05, * * * p <0.01

For each row, I use different measures of treatment intensity. Column (1) repeats the hour share of the treatment. Column (2) uses the share of treated workers per establishment, rendering the negative significant estimate. Column (3) uses the wage bill share, instead of the hour share, gaining an almost identical estimate (this is due to the presence of many establishments where all or none of their workers were treated, leading to a similar variation as the hour share of treatment). One concern for identification is that the employment effect is potentially confounded by differential trends or shocks specific to sectors (although they are by and large already controlled for by firm-specific trend or the interacted fixed effects shown in Table 2). To alleviate this concern, I construct treatment groups based on within-sector variation. In Column (4), I split establishments to two groups (i.e., less treated vs more treated) based on their hour share of treatment being below or above the median within each 2-digit sector. The result again shows a negative employment effect. Column (5) repeats the same procedure but using finer 3-digit sectors and obtains the similar estimate. Lastly, I split into 3 groups (rather than 2 groups) and again the result points to negative employment effects. Marginal effects (or elasticities) of hour reduction on employment calculated from these alternative measures are also very much comparable (not shown).

Figure B1 shows the time-varying coefficients estimated from the interaction of year dummies (which replace the post-intervention dummy in the previous specification in the equation 2) with HourShareT reat j . The figure confirms no statistically significant differential trends. The negative employment effect kicks in 1997 and continues until the end of the sample period.

While not shown for the moment, the employment estimate is also robust to different